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Precise determination of the CKM matrix element is
important to test the SM

Semileptonic decay rate :
L(K = alv) < (|V, | £.(0))

q q'
Experimental average
[Vis[[f+(0)f= 0.2163(5)

Extracting f+(0) from Lattice QCD allows us to estimate |V
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Something on the action:

4 Wilson Twisted Mass action at maximal twist with
t‘( Nf=2+1+1 sea quarks

4 Osterwalder-Seiler valence quark action

4 Iwasaki gluon action
L o
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PRAO027
”QCD simulations for flavor physics }

in the Standard Model and beyond” §
Details of the ensembles used in this Nf =2+1+1 analysis (35 millions of core-hours at the BG |
P system in Julich from December |
The valence light quark mass 1s put equal to the sea quark mass | 2010 to March 2011)
ensemble B V/a* Qlbsea = Q] | Qo afhs Ncyg Qfhs Qfhe
A30.32 | 1.90 | 323 x 64 0.0030 0.15 | 0.19 150 | 0.0145, | 0.1800,0.2200,
A40.32 0.0040 90 0.0185, | 0.2600, 0.3000,
A50.32 0.0050 150 0.0225 0.3600, 0.4400
A40.24 1.90 | 243 x 48 0.0040 0.15 0.19 150 Range of the simulated pion masses
A60.24 0.0060 150
A80.24 0.0080 150 B | L(fm) | Mz(MeV) | M, L
A100.24 0.0100 150 1.90 | 2.84 ;gg‘l‘é 282
B25.32 | 1.95 | 32° x 64 0.0025 0.135 | 0.170 | 150 | 0.0141, | 0.1750,0.2140, 314.43 | 453
B35.32 0.0035 150 | 0.0180, | 0.2530, 0.2920, 1.90 | 2.13 282.13 3.05
B55.32 0.0055 150 0.0219 0.3510, 0.4290 343.68 3.71
B75.32 0.0075 75 306.04 | 4.27
5 442.99 | 4.78
B85.24 | 1.95 | 243 x 48 0.0085 0.135 | 0.170 | 150 ot o6l T 236 1316
D15.48 | 2.10 | 48% x 96 0.0015 0.12 | 0.1385 | 60 | 0.0118, | 0.1470,0.1795, 280.95 | 3.79
D20.48 0.0020 90 | 0.0151, | 0.2120, 0.2450, 350.12 | 4.64
D30.48 0.0030 90 | 0.0184 | 0.2945, 0.3595 408.13 | 5.41
1.95 | 1.96 | 434.63 | 4.32
2.10 | 2,97 | 211.18 | 3.19
242.80 | 3.66
Lattice Spacings 20555 | 4.46

a(8 = 1.90) | 0.0885(36)fm
a(8 = 1.95) | 0.0815(30)fm
a(8 = 2.10) | 0.0619(18)fm
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Details of the ensembles used in this Ny =2+1+1 analysis

The valence light quark mass is put equal to the sea quark mass

ensemble B V/a* Qlbsea = Q] | Qo afhs Ncyg Qfhs Qfhe

A30.32 1.90 | 323 x 64 0.0030 0.15 0.19 150 | 0.0145, | 0.1800,0.2200,

A40.32 0.0040 90 0.0185, | 0.2600, 0.3000,

Ab50.32 0.0050 150 0.0225 | 0.3600, 0.4400

A40.24 1.90 | 243 x 48 0.0040 0.15 0.19 150

A60.24 0.0060 150

A80.24 0.0080 150

A100.24 0.0100 150

B25.32 1.95 | 32° x 64 0.0025 0.135 | 0.170 150 | 0.0141, | 0.1750,0.2140,

B35.32 0.0035 150 | 0.0180, | 0.2530, 0.2920,

B55.32 0.0055 150 0.0219 | 0.3510, 0.4290

B75.32 0.0075 75

B8&5.24 1.95 | 243 x 48 0.0085 0.135 | 0.170 150

D15.48 2.10 | 48°% x 96 0.0015 0.12 | 0.1385 60 0.0118, | 0.1470,0.1795,

D20.48 0.0020 90 0.0151, | 0.2120, 0.2450,

D30.48 0.0030 90 0.0184 | 0.2945, 0.3595

Lattice Spacings

a(f =1.90) | 0.0885(36)fm | , —— —
a(8 =1.95) | 0.0815(30)fm - Three different values of the lattice
a(f =2.10) | 0.0619(18)fm

|

spacing: 0.06 fm + 0.09 fm

Range of the simulated pion masses

© PRA027 |

”QCD simulations for flavor physics }
in the Standard Model and beyond” §
(35 millions of core-hours at the BG/
P system in Julich from December |
2010 to March 2011)

B[ L(fm) | Mz(MeV) | ML
1.90 | 2.84 | 24541 | 353
282.13 | 4.06
314.43 | 4.53
1.90 | 213 | 28213 | 3.05
343.68 | 3.71
396.04 | 4.27
442.99 | 4.78
1.95| 2.61 | 23867 | 3.16
280.95 | 3.72
350.12 | 4.64
408.13 | 5.41
1.95| 1.96 | 434.63 | 4.32
210 | 2.97 | 211.18 | 3.19
242.80 | 3.66
295.55 | 4.46
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PRAO027
”QCD simulations for flavor physics }

in the Standard Model and beyond” §
Details of the ensembles used in this Nf =2+1+1 analysis (35 millions of core-hours at the BG |
P system in Julich from December |
The valence light quark mass 1s put equal to the sea quark mass | 2010 to March 2011)
ensemble B V/a* Qlbsea = Q] | Qo afhs Ncyg Qfhs Qfhe
A30.32 | 1.90 | 323 x 64 0.0030 0.15 | 0.19 150 | 0.0145, | 0.1800,0.2200,
A40.32 0.0040 90 0.0185, | 0.2600, 0.3000,
A50.32 0.0050 150 0.0225 0.3600, 0.4400
A40.24 1.90 | 243 x 48 0.0040 0.15 0.19 150 Range of the simulated pion masses
A60.24 0.0060 150
A80.24 0.0080 150 B | L(fm) | Mz(MeV) | M, L
A100.24 0.0100 150 1.90 | 2.84 ;gg‘l‘é 282
B25.32 | 1.95 | 32° x 64 0.0025 0.135 | 0.170 | 150 | 0.0141, | 0.1750,0.2140, 314.43 | 453
B35.32 0.0035 150 | 0.0180, | 0.2530, 0.2920, 1.90 | 2.13 282.13 3.05
B55.32 0.0055 150 0.0219 0.3510, 0.4290 343.68 3.71
B75.32 0.0075 75 306.04 | 4.27
5 442.99 | 4.78
B85.24 | 1.95 | 243 x 48 0.0085 0.135 | 0.170 | 150 ot o6l T 236 1316
D15.48 | 2.10 | 48% x 96 0.0015 0.12 | 0.1385 | 60 | 0.0118, | 0.1470,0.1795, 280.95 | 3.79
D20.48 0.0020 90 | 0.0151, | 0.2120, 0.2450, 350.12 | 4.64
D30.48 0.0030 90 | 0.0184 | 0.2945, 0.3595 408.13 | 5.41
1.95 | 1.96 | 434.63 | 4.32
2.10 | 2,97 | 211.18 | 3.19
242.80 | 3.66
Lattice Spacings 20555 | 4.46

a(8 = 1.90) | 0.0885(36)fm

a(B = 1.95) | 0.0815(30)fm |
a(8 = 2.10) | 0.0619(18)fm & Different volumes: 2 fm + 3 fm
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PRAO27

”QCD simulations for flavor physics

in the Standard Model and beyond” §
Details of the ensembles used in this Nf =2+1+1 analysis (35 millions of core-hours at the BG/
P system in Julich from December
The valence light quark mass is put equal to the sea quark mass | 2000t bl ADLL)
ensemble B V/a* Qlbsea = Q] | Qo afhs Ncyg Qfhs Qfhe
A30.32 | 1.90 | 32% x 64 0.0030 0.15 | 0.19 | 150 | 0.0145, | 0.1800,0.2200,
A40.32 0.0040 90 0.0185, | 0.2600, 0.3000,
A50.32 0.0050 150 0.0225 0.3600, 0.4400
3 . .
A40.24 | 1.90 | 24° x 48 0.0040 0.15 | 0.19 | 150 Range of the simulated pion masses
A60.24 0.0060 150
A80.24 0.0080 150 B | L(fm) | Mz(MeV) | MrL
A100.24 0.0100 150 1.90 | 2.84 ;gg‘l‘é 282
B25.32 | 1.95 | 32° x 64 0.0025 0.135 | 0.170 | 150 | 0.0141, | 0.1750,0.2140, 314.43 | 453
B35.32 0.0035 150 0.0180, | 0.2530, 0.2920, 1.90 | 2.13 282.13 3.05
B55.32 0.0055 150 0.0219 | 0.3510, 0.4290 343.68 3.71
B75.32 0.0075 75 396.04 | 4.27
y 442.99 | 4.78
B85.24 | 1.95 | 243 x 48 0.0085 0.135 | 0.170 | 150 ot o6l T 236 1316
D15.48 | 2.10 | 48% x 96 0.0015 0.12 | 0.1385 | 60 | 0.0118, | 0.1470,0.1795, 280.95 | 3.79
D20.48 0.0020 90 | 0.0151, | 0.2120, 0.2450, 350.12 | 4.64
D30.48 0.0030 90 | 0.0184 | 0.2945, 0.3595 408.13 | 5.41
1.95| 1.96 | 434.63 | 4.32
2.10 | 2.97 | 211.18 | 3.19
242.80 | 3.66
Lattice Spacings 20555 | 4.46
a(8 = 1.90) | 0.0885(36)fm | — .
a(8 =1.95) | 0.0815(30)fm | . |
a(f = 2.10) | 0.0619(18)fm & Pion masses in range 210 + 440 MeV %i‘
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Details of the ensembles used in this Ny =2+1+1 analysis

The valence light quark mass is put equal to the sea quark mass

ensemble B V/a* Qlbsea = Q] | Qo afhs Ncyg Qfhs Qfhe
A30.32 1.90 | 32° x 64 0.0030 0.15 0.19 150 | 0.0145, | 0.1800,0.2200,
A40.32 0.0040 90 0.0185, | 0.2600, 0.3000,
A50.32 0.0050 150 | 0.0225 | 0.3600, 0.4400
A40.24 1.90 | 24° x 48 0.0040 0.15 0.19 150

A60.24 0.0060 150

A80.24 0.0080 150

A100.24 0.0100 150

B25.32 1.95 | 32% x 64 0.0025 0.135 | 0.170 150 | 0.0141, | 0.1750,0.2140,
B35.32 0.0035 150 | 0.0180, | 0.2530, 0.2920,
B55.32 0.0055 150 | 0.0219 | 0.3510, 0.4290
B75.32 0.0075 75

B85.24 | 1.95 | 24° x 48 0.0085 0.135 | 0.170 150

D15.48 | 2.10 | 48% x 96 0.0015 0.12 | 0.1385 60 0.0118, | 0.1470,0.1795,
D20.48 0.0020 90 0.0151, | 0.2120, 0.2450,
D30.48 0.0030 90 0.0184 | 0.2945, 0.3595

PRAO027

”QCD simulations for flavor physics }

in the Standard Model and beyond” §

(35 millions of core-hours at the BG/

P system in Julich from December |
u 2010 to March 2011)

To inject momenta we used
non-periodic boundary conditions

B V/a*
1.90 | 322 x64 | 0.0, =0.400,
+0.933, £1.733
243 x 48 0.0, =40.300,
40.700, +1.300
195|322 x64 | 0.0, =0.366,
4+0.854, +1.588
243 % 48 0.0, =40.275,
+0.641, +£1.191
2.10 | 48% x 96 0.0, =+0.424,
+0.986, +1.832
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(m (P)] Vi 1K (9)) = (pu + 1) f+ (67) + (pu — 1) f= (¢7)

extract the matrix element (z(p’)|V, |K(p)) from appropriate ratio
of three-points correlation functlon to build fo(g?) and fi(q?)

+ we used the ratio R, =

Fit simultaneously fo(g?) and fi(g?) to get fo(0)=f-(0)
+ z expansion

+ Polynomial fit

Perform the Chiral and continuum extrapolation of {(0)

4  SU(Q) ChPT

4+  SU@3)ChPT
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The matrix element of the vector current between two PS mesons decomposes into two form factors

(m (0)] Vi 1K (0)) = (P +p},) f+ (@) + (pu = 1) - (4°)

depending on the momentum transfer
2 2
¢ =(E—-E) — (pi —pf)

The matrix element can be derived in lattice QCD from a combination of Euclidean three-point functions

We define the ratio:

CKTC t,_’,_,, C?Z'K t’—’l,—’
R . ’jm ( {9, Ii,) “KK( { {)) in which the renormalization Zv and Zx and Z, cancels
C.r(t,p".p") C."(t.p.p)

) ZKZ7T
b —00 (tw—ty)—>o<; AF i B

(x ()] Vi | (p)) e Pttt
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The matrix element of the vector current between two PS mesons decomposes into two form factors

(m (0)] Vi 1K (0)) = (P +p},) f+ (@) + (pu = 1) - (4°)

, 2
. (= (p))V, |K(p))
g 4p,pP,
We can define Vo and V| related to the form factors by the relations
Vo =2JRNEE =((E+E)1.(¢")+(E-E) £ (7))
Vi=2JR\[p.p. =((p.+ ) f.(*)+ (. - P)) £-(a7))

and resolving the system we obtain:

E—-FENV, — YVt e - —
f+ (qQ) ( ) (pz pZ) 0 - 4 Voand V; are extracted from the double ratio of the three-points

2Ep@ 2E'p; 1‘ correlation function

(pi i pé ) Vo — ( E+ E ) 1% 4 momenta are fixed by the non-periodic boundary conditions

£ ( 2)
- 2E7 2E! -
p; Di 4 energies are extracted from the dispersion relation with the
g P
masses obtalned ﬁttlng the two- pomts correlation function at rest

2 = == —

fo () = 1+ (&%) + ———1— (¢%)

2
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example of plateaux of Vo and V; for all the selected kinematics
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0.17

_0.16

Mef

S 0.15H

|| aMer =0.1557(6)

B=1.95
pr =0.0055
pz =0.0055

0.24

0.23

Meff
T

S 0.22

p=1.95

w =0.0055

us =0.0180
aMefr =0.2258(6)

0.21

5 10

The fit intervals for the two-point correlation functions
at rest are the one reported in [arXiv:1403.4504]

example of plateaux of the effective mass of a two-points correlation function at zero
momentum

B V/a* [fmins tmaxl(ee.es)/ @
1.90 | 243 x 48 [12,23]
1.90 | 323 x 64 [12,31]

1.95 | 243 x 48 [13,23]
1.95 | 323 x 64 [13,31]
2.10 | 483 %96 [18,40]
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We fitted simultancously f:(q?) and fo(q?) to extract f(0) using the z expansion *

to interpolate at =0 we neglect the points corresponding to large negative g2

* Bourrely Caprini and Lellouch
[Phys.Rev. D79 (2009) 013008]

¢ +a ( 4 % ZZ) Ensemble 4.60.24 ap=0.0225
f+ (q2 —_ 5 1.1 T T | T | T |
1- I o '(q) 1
2
M 1% o f (qz)
105 - * 10 .

0.95

-0.02 -0.01 0 0.01 0.02
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We fitted simultancously fi(q?) and fo(q?) to extract f(0) using the z expansion

to interpolate at =0 we neglect the points corresponding to large negative g2

a, +a, (Z + l Zz) Ensemble 4.60.24 aps=0.0225
2 T T T T T
1— q 1.2 £(0)=0.9880(7) large range in g | . £ N
2 L i |
M 1% ﬁ (0)=0.9872(9) small range in ¢q*> | * @)
| e . f(0) >
b, +b1(1+522j
fy(@*)=
-4
2
MS

The fit works well even for a larger
range in g2
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We fitted simultancously fi(q?) and fo(q?) to extract f(0) using the z expansion

to interpolate at =0 we neglect the points corresponding to large negative g2

a, +a, (Z + l Zz) Ensemble 4.60.24 aps=0.0225
2 T T T T T
f.(g)= > LA — L — | |
1— q 1.2 = £(0)=0.9880(7) polar fit in ¢ . £ -
2 i |
M 1% ﬁ (0)=0.9877(7) polynomial fit in q2 * @)
I e —— e f(0) P
b, +bl(z+—z2j
folq )= 2
4
M2
S

The results obtained with polynomial
fit formulae are also compatible

f+(g?) = f(0) (1 + Pig* + Prg*) | | | | | |
folg®) = £(0) (1 4 P3g* + Pig*)
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Two different approaches for the chiral extrapolation

4 SU(2) ChPT Flynn & Sachrajda [NPB 812 (2009)]

f(0) = F; (1 — Zglogf + Poé + P3a2>

é- _ 2B0ml

(47 fo)?
4 SU(3) ChPT (at fixed ms)
FoO) =1+ o+ Af
fullQCD _ 3 3
2 9 K T+ 9 nK
o e e 2MEMG M

Af = (m, —m,) [A, +Am |+ A,d®
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fit formula:

3
SU(2) Chiral fit: f+(0) = Fy (1 — Elogé + Pé + P3a2)

data to arrive at ms phys

é- __ 2Bomy
. - 2
SU(2) Chiral fit (47 o)
i ! | ! ! ! | ! ]
1.06 - e B=190 V=32x64 ] The compatibility between ensemble A40.32
i -7 ] and A40.24 shows that FSE are small
" B=1.90 V=24"x48
1.04 |- * B=195 V=32'x64
i + =195 v=24’xag}| To calculate £(0) we used ms=99.6(4.1) MeV and
102 < B=2.10 veas*oe  Mwa=3.70(17) MeV from our previous work
L Continuum limit || [aI'XiV21403.4504]
= aF m our result:
|
0.98
£.(0)=0.9641(58)
0.96
0.94
1 | 1 | 1 | 1 | 1
0.01 0.02 0.03 0.04
m," (GeV)
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data to arrive at ms phys

SU(3) Chiral fit

fit formula:

SU(3) Chiral fit

fr(0) =1+ fo + Af
Af = (m, —m,) [Ay +Am |+ A,d®

1.06 —

1.04 —

1.02 -

f(0)

0.98

0.96

' | "] M2, M?; and f; appearing in f; are expressed at

LO
We also tried the same fit using fr instead of fo

in the definition of f> obtaining cosistent results
£+(0)=0.9734(40)

o B=190 V=32’x64]
" B=190 V=24’x48
¢ PB=195 V=32'x64
+ B=195 V=24"x48 |
< B=2.10 V=48’x96 | The compatibility between ensemble A40.32
Continuum limit and A40.24 shows that FSE are small

—  To calculate f+(0) we used ms=99.6(4.1) MeV and
mwd=3.70(17) MeV extracted in our previous work
[arXiv:1403.4504]

. our result:

' £.(0)=0.9725(41)

0.04
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The results from our analysis:

£.(0)=0.9683(65)

in particular:

£.(0)=0.9683(50).,.... (42)

chiral

stat+Hfit is referred to both the statistical uncertainties (including the total error on the
light and strange quark mass determination) and the uncertainties due to the fitting

procedure

_Chiral extrapolation systematic uncertainties have been evaluated comparing the
results obtained from two different fit formulae 1.e. SU(2) ChPT and SU(3) ChPT

An estimate of the systematic effects associated to the FSE has not been performed
yet. However comparing ensembles A40.24 and A40.32 we expect these effect to be
small compared to the other uncertainties
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Testing the first row

Val? = [Vaal® + [Vas|* + [V |* = 1

Experimental input ()

Ke |¥Zd éf: — 0.2758(5)
Ko Vaus| £+ (0) = 0.2163(5)
V. |=097425(22)  from B-decay ©)
Ke2 v, | +|v. [
Ke v.IP+|v [

| —

+

+

Vekm =\ Vg Ves Vi

our result

(2)
J 1.183(17)
Y-

£.(0)=0.9683(65)

I+

V.| =1.0007(16)

V. |" =0.9991(8)

S —

determination of |V

Vis

=0.2271(33)

Vis

=0.2234(16)

(1) Eur.Phys.J. C69 (2010) 399-424

(2) PoS LATTICE 2013 (Carrasco et al.)

(3) Phys.Rev. C79 (2009) 055502
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0.230

0.228

0.226

0.224

VU.S

0.222

0.220

0.218

JUBdd

I

I

1

our result for [Vl
our result for [Vys|/|Vud]

our result for Ne=2+1+1

FLAG average for Ni=2+1

FLAG average for Ni=2
unitarity

nuclear § decay

098 100
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4 We presented Ne=2+1+1 preliminary results for the
semileptonic form factor £+(0)

= = L e

Summary of the results in comparison with FLAG averages:

| Our results | FLAGy,—2 | FLAGy,;—241 FNAL/l\/IILC}‘\,f:2+1+1
f+(0) | 0.9683(65) | 0.9560(84) 0.9661(32) 0.9704(32)

— = = = = =

Future plans:

4 compare with an estimate of f(0) coming from the
scalar density

4 A more detailed analysis of the g? dependence of the
form factor and a comparison with the experimental
data

* PRL 112 (2014) (Bazavov et. al.)
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Backup




Extrapolating the vector pole mass My obtained from the fit in g? of f we
should get a rough estimate of the K* mass

B=1.90 V=32
B=1.90 V=24
B=195 V=32'x64
B=1.95 V=24"x48 ||

B=2.10 V=48"x96 1
Continuum limit

! '

i

x64
x48 [

Our result:

M ™ =937(42)MeV

14—

A 2 * [ | )
(98] (O8] W (O8] W

MV(GeV)
X o
_|
_|
H —-|—|
FHT'—i

while K* has a mass of 892 MeV { 1 +

0.01 0.02 0.03 0.04 0.05
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Excluding the ensemble A30.32 from the chiral and continuum
extrapolation of £(0) we get

* B=1.90 V=32'x64

" B=190 V=24’x48

SU(2) result: + B=195 V=32"x64
105 4 B=195 V=24x48 ]

< B=2.10 V=48x96
f+ (O) — O -9649(6 1) - Continuum lim)i(t i

f(0)

while with all the points we get

£.(0)=0.9641(58)

So even 1f A30.32 seems to be off is overall effect 1s less then 0.1% and therefore marginal
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The AG theorem states that in SU(3) limits £+(0)=1 and deviation from unity are of the
order of (ms-my)?

£,0) =1+ o< (m, —m,)’

We can test AG theorem plotting Af=f:(0)-1-f; divided by (ms-my)? as a function my
notice the the data as been extrapolated at mgPhvs

I | I | I | I | I | I
0.6 o B=190 V=32x64 ||
' = B=1.90 V=24’x48
* PB=195 V=32x64
03} - Al
— 4 B=1.95 V=24'x48
> i g { < B=2.10 V=48x96 |
S
= O I < —|
oL $ i
> E [
I “ 03+ L E E I I —
=
< i
<
0.6 -
0.9 -
15 . | . | . | . | . |
0 0.05 0.1 0.15 02 0.25

M’ (GeV)

giovedi 26 giugno 2014



4  Wilson Twisted Mass action at maximal twist with
Nf=2+1+1 sea quarks

L1ght degenerate doublet
: a "
= q* Z U(x { wt V7)) — iy TS [Mo — §VMVM} + ,ul} P(x)

Heavy non degenerate doublet

| a )
Sfm = a Z P(x { w1+ Vi ) — gy {MO — §VMVH] + o + ,LL5’7'3} Y(x)

4 Osterwalder-Seiler valence quark action

| a )
S{)S =q Z qf { L+ Vo ) — Y57 ¢ {MO — §VMVM] + ,uf} qr(x)
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